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(54) 

(57) A power supply regulator (30) comprising a 
reg^ated^oftage source (23); a buffer (31) connected 
to tfie voftage source; and a diode (24) connected to tf>e 
output of the buffer. A bootstrap capacitor (25) is located 
between the diode and the output of a power stage (1) 
and the output (6) of the power stage is switched 
between a low and a high value by a digital signal (IN) 
also suppled to the input of the buffer (31) which there- 
fore generates a switched regulated outout voltage 
(V*) varying between a first vaJue equal to the regu- 
lated voftage (Vreq) and a second lower value. The 



switched regulated vottage switches from ffie first to ihe 
second value before the outout of the power stage (1) 
switches to high, thus immediately disabfng the dodo 
(2<) and preventing current spikes due to minority carri- 
ers m the diode from being transmitted to the regulated- 
voltage source (23). The switched regulated voltage 
(Vac) switches from the second to lie fist value before 
»*"*P£ (6) of the power stage (1) switches to tow, to 
permd charging of he bootstrap capacitor (25) to *e 
regulated voftage (V^ when the outout (6) is tow. 
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Descrtpion 



The present invention relates to a bootstap fa* 
Power s^aplyregulalor*^ no ftoc^acfcy. hparfio- 
^.tiepresertinvenbonreialestoapowerstfl^reg- s 
t*ator for a switeNng-type power stage of tie type 
teaturing power MOS transistors and a bootstrap capac- 
itor tor biasino the top power tareistor al a »e*el Wtfwr 
than tie cuppfy voltage. 

As ts known, a power stage of the above type is to 
cuppfedwtti a low-power square-wave siytf.suppRes 
a squarewave power otrtput voltage, and typicafy 
presents the structure shown to Figure 1 and described 

belowtog^adearidearttwprot^uidedy^tie 
presort riverioorL |5 

The Figure 1 power stage. Moated as a whole by 

1 , cornprises a pair of N-channel power MOS fransJstors 

2, 3 connected between a supply Ene 4 and a ground 
Ine (reference potential ine )& Transistor 2 (constitut- 
ing the high-side power trarcistor) lias the drato tern* so 
^a<corlr^edtos^5prywle4eirxten6atV w ardth^ 
source terminal connected to an output node 6; and 
transistor 3 (constituting the tow-side power transistor} 
has tie drain terminal connected to oufcuf node 6. and 
the source terminal connected to ground Ine 5. Power as 
stagei is controlled by a drive stage 8 having an input 
9 supplied wrtfi a towpower square-wave input signal 
Hi and a pair of outputs 10.11 connected by respective 
buffer arnpKTiers 12, 13 to the gate terrrwiais of transis- 
tors 2, 3 respectively. Drive stage 8 is a Known type, so 
and. accorcSng to one errtwoSment, far example, com- 
prises an N-channel MOS transistor wrtfi the gate termi- 
nal SMppfied with signal w. the source terminal 
OrouncJed, and the drain terminal connected toasts* 
fcie via a resistor. The drain terminal of the transistor as 
forms output 10. and oufcut 11 is connected cSrecflylo 
input 9. 

Buffer ampTier 12 has a first and second bias input 
15, 16 connected respectively 10 nodes 17 and 6; and 
buffer ampWier 13 has a firsi and second bias rput is 40 
19 connected respectively to a regUated-voltage rout 
node 22 and to ground foe 5. 

Power stage 1 is suppied by a regufated-vcrtage 
power supply 21 comprising a voltage source 23 gener- 
ating a related voftage V^q and connected between «s 
rec^teo^ottage node 22 and ground, and a diode 24 
with its anode terminal connected to node 22 and its 
cathode terminal connected to node 17. Figure 1 also 
shows a bootstrap capacitor 25 connected between 
noc^17and6.torcfian>nghigh-sk^ w 
2. 

Figure 1 also shows a filter capacitor 26 connected 
paraJd with voltage source 23; a parasitic capacitor 27 
associated and connected paralef with dkxfe 24; and 
the protection cfodes (not numbered *i detaH) associ- 55 
ated in known manner wflh the power MOS transistors. 

Ignoring filter capacitor 26 and parasite c^sacnor 
24 for the time being, the Figure 1 circufl operates as fol- 
lows. On the basis of input signal IN at input 8, drive 



stacje9generatas, mou^puteio. 11. cornplemen- 
tary soparewave signals for eft/tog buflsrarnpfihers 12, 
13* which in torn generate gate voltages related to the 
vcrtages at their terminals 16. 19, and such as to atter- 
**vely turn on transistors 2, 3. arrf ensure the neces- 
sary source-gate voltage drop far achieving a good 
saturation leveJ of tamistors 2, 3. 

Mor e EpecncaOy . assuming that wtien signal W is 
high, output 10 of the drive stage is high anJoukxjtM 
stow, and vice versa - when IN is tow. output 1 1 is at a 
fW voltage; the output of buffer amptfier 13 is Ngfi 
(roughly 10-15 V with respect to gnxjnd); ^ansistor 3 is 
saturated and grounds output node 6 (OUToUptf tow)- 
conversely, the ou%M of buffer arnpffier 1 2 felow;fea£ 
ostor 2 is off : node 22 is at a higher poter^ fcan node 
6; and diode 24 is biased directly to charge bootstrap 
capacitor 2S to regulated voftage Vp^Oess^ voltage 
drop across ofode 24). 

signal IN switches to Nfjh,ou^ 11 tfonve 
etage 8 switches to a low voftage; the outut of buffer 
amplifier 13 is at ground potertial so that transit 3 is 
tomed off; conversely, output 10 switches to high and 
tornson transistor 2, so that output node 6 increases in 
voltage; as soon as the OUT votage at node 6 
ncreases. the voltage at node 17 also increases by vir- 
toe of bootstrap capacitor 25. and oSode 24 becomes 
ofl. to other words, an increase in the vortage at output 
node 6 is accompanied by a cctf espondtog inaease in 
r^v<*ac*a1ncoe17.^ 

pBed by buffer arnpffier 12 and related to node 6. Le. to 
toe source terminal of transistor 2, is such as to fuly sat- 
urate transistor 2 and so bring node 6 to a Wgh votage 
(OUT outout equal to V^). " 

{"practice, as trie a;***^ 
fow (ground) to high (V^, bootstap capacitor 25, via 
buffer amptfier 12. suppSes the gate terminal of high- 
side transistor 2 wit, the necessary charge, and 
recharges ttsefl when the OUT output is tow. In toe fist 
step, current flows from regulateoH>ottage source 23 

ond step, current flews from bootstrap capacitor 25 to 
node 17. input 15 of buffer ampfifier 12. the gale termi- 
nal oT fransistor2. node 6. and beck tobeotstapcapac. 

l lowing through i. 

to fie event toe output voltage OUT switches to 
high before bootstrap capacitor 25 is Wry charged, toe 
Roure 1 circuit encounters problems to that, in tois 
case, diode 24 is stai supplied with the charge current I 
of capacitor 25, and has therefore accumulated a nirior- 
rty charge Qa| t wherein t is the transit tme of toe 
minority carriers. Thus, account must now be taken of 
toe parasitic capacitor Indicated by 27 in Figure 1, and 
Presenting a diffusion capacitance Cd = Q/V, wherein 
V, is the thermal vortage. This therefore results in a 
Ctoacftve network comprising bootstrap capacSor 25 
and parasitic capacitor (diffusion capacitance) 27. and 
which tends to transmit the transition at the cutout to 
source Vreq, and so generate a current spike l^invoft- 
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age source 23. 

To rougWy calculate toe value erf cunent 1^ c5ode 
24 must lose tie minority charge Q h time At whereto 
At is the fraction at tie transfton Ime of output voftage 
OUT required to swtch cfode 24 from a drect to an 
inverse bias, so that l^,"Q/At. 

For oo^u voftage OUT swftohtog times of about 
100 ns* fraction At may be around 10 ns or less; and, I, 
tor example, I - 200 mA and t » 20 ns, current spfce U 
entering source 23 b around 400 mA or even more. 

Given the inductive nature of toe output irnpeoance 
of a power supply regulator, ftte current sp»(e causes an 
unacceptable, unccrtroled Increase to the regulated 
vo«ageatnode22. 

Toeo^ethepn^ern<hasbeenprop(^toiisea 
filer capacitor . tocicated by 26 In Rgure 1 - connected 
paralet with reguJatecl-veftage source 23, and which 
presents a capacitance of about one nartofarad. and 
absorbs the current epfce with no appreciate terease 
in vdtage at fts terrninais (and hence at node 22). 

The Disadvantage of this solution ies in the above 
capacitance pra^nfing integration of filer capacitor 26 
which thus represents an additional external compo- 
nent 

ft is an object of the present invention to provide a 
power supply regulator of fie above type, designed to 
operate correctly in any situation, even in fhe absence 
of a fitter capacitor. 

According to fhe present invention, there is pro- 
vided a bootstrap Sne power supply regulator as 
dafanedbijCratm 1.- 

In practice, according to one aspect of the present 
invention, the diode interposed between the bootstrap 
capacitor and the regutatecHieftage source is turned off 
before the voltage at fhe tow terminal of the capacitor 
(connected to fhe output of the power stage) switches 
from \om to hic/t 

A preferred, non-Smiting erhbocSmeni of the present 
invention wil be described by way of example with refer- 
ence to toe accompanying drawings, fri v*Nch: 

Figure 1 shows a diagram of a switchtog-type 
power stage TOmpristog a bootstap capacitor and 
a known power suppty regtiator; 
Fyue 2 shows an overaj diagram of the power 
supply regulator acoorefng to the presertf invention, 
and as appfied to the Figure 1 power stage; 
Rgure 3 shows plots ot a number of voltages rela- 
tive to the ngure 2 diagram; 
Figure 4 shows a more detaSed circuit digram ol a 
possfcle imptementafen of the Figure 2 arrange- 
ment. 

In Figure 2, the power suppty regulator is indicated 
by 30. and is appfied to a power stage 1 of the type 
shown in and descrtoed in detafl with reference to Fig- 
ure 1. The figure 2 components similar to those n fig- 
ure 1 are toeretore inoScated using the same reference 
numbers wift no further description. 



to addition to regulated-voltage source 23, tie Rg- 
ure 2 power supply regulator 30 also corrpnses an 
■vertng buffer ampWer 31 to turn cwrprising a signal 
toput 32 connected to input 9 ofcHve stage 8 to receive 

5 toe same IN signal, and two bias inputs 33, 34, of which 
toput 33 is connected to node 22 set at regulated voft- 
age and kptf 34 is grounded. The output of 
toverttog buffer ampSfier 31 defines a node 36 (set at a 
switched regulated voltage V35) connected to the anode 

to ot dode 24, the cathode of which is connected, as in 
Figure t. to node 17 to charge bootstrap capacto 25. 

Operation of tie circuit according to toe present 
nvemion «s based on ff>e tact that, as regafds the down- 
stream power stage 1. the value of regulated voftage 

w VfiEQfeonryof irrportance when cUput 6 c< t^ power 
stage is low, le, when bootstrap capacitor 25 b being 
charged, whereas, when output 6 Is high, toe regulated 
voltage vatoe is no longer of any importance I* virtue of 
buffer anpfifier 12 being cupr^ by bootstrap capacior 

20 25; and on tie fact that, to prevent current spikes torn 
being transmitted to regutatedM3ftagesoun»23.o1ode 
24 need simpty be turned off before output 6 of power 
stage 1 switches to Ngh, 

The Figure 2 droit therefore operates as follows. 

2s When the input signal is tow (0 V). outout 11 of onve 
staoe 8 and Uie cutout buffer ampOier 13 are t*^. so 
that transistor 3 is turned on; conversely, the output of 
buffer ampffier 12 is tow, and transistor 2 is turned off, 
as already described with reference to Figure 1. As 

30 such, theoutput of inverting buffer 31 is h& and equal 
to the regulated voltage Vreq at node 22. thusperrrtt- 
Ing capacitor 25 to be charged to regulated voftage 
v req as in the figure 1 circuit 

When Input signaj tt switches to Ngh (eg. 12 V), 

* toe output of tokening buffer 31 switches rapifly to 
ground potenfial (0 V) and inversely biases dode 24 
which is turned oft Frttowtog a delay due to switching of 
drive stage 8. outputs 10, 11 of the drive stage and 
hence the oufcuts of buffer ajnpfiners 12, 13aJsoswech 

40 as descrtoed wtti reference to Rgi*« 1, so tan transis- 
tor 3 is tomed off. and transistor 2 is turned on to con- 
nect output termtoaf 6 to supply voltage V w when otode 
24 is atready defrttety tomed oft Coriseo^ently. when 
output 6 switches, current is prevented from flowing 

intheevertcspacitor25isnotluly charged. 

When Input signal IN again switches to low, the reg- 
ulated voftage at the anode of diode 24 is restored 
before the OUT output switches to low. thus ensuring 

so bootstrap capacitor 25 ts charged. 

The time relationship between the switching of 
input signal W, output voftage OUT, and the switched 
reo^ated vottage V x at node 36 (anode of diode 24) is 
shown dearly in the time plots of the ttree quantities to 

ss Figure 3. In parfcutar, blowing k^to-righ awtchtog of 
input signal IN at instant V> toe switched regufated volt- 
age V x switches to tow at instant I, (tuning off 
inversely -biased dode 24). and output voftage OUT 
switches to high at Instant t 2 > t t . 
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The lime sequence shown (mtoein swifch^ regu- 
lated voftage V35 switches in advance o4 output vottage 
OUT) is ensured by the propagation of tie IN &gn& 
from input 9 to node 36 invoMng a small number ol 
components (only inverting buffer 34). whereas propa- * 
gatton of tie N signal from input 9 to output 6 involves 
drive stage 8 (wtich in teetl presents a propagation 
delay of other tian zero), buffer amplifiers 12, 13, and 
power transistors 2. 3. Moreover, tie circurt may be so 
designed as to ensure that, in any condition, the output w 
eJways ewtehes after switched fegutated voftage 
For circuits of the type shown, the delay between input 
9andou^6btypicafly of about 100 ns. and the delay 
be^>^^kipul9ardncde36rTiaybegu3rame^be^ 
50 ns at al times- ts 

OneembodbrierfcrftheFi^ 
Rgure 4. *hich shews regutoted-vofego source 23 and 
inverting buffer arnpGRer 31 in moredetafl 

More specficaty, regUaloo^vottage source 23 com- 
prises a current source 40 connected between si^ry 20 
trie 4 at and tie collector of a dtode-eamectedftFN 
bpotar transistor 41 (with tie oolector end base shorv 
orcufted). The emitter of transistor 41 ts connected to 
the emitter of a dtode-connected PNP transistor 42. the 
coAeclor or which is grounded via two Zener diodes 43, 25 
44 in series with each other. The base terminal of *an- 
sister 42 is connected to the base terminal of a PNP 
transistor 45, the coSector of which is grounded, and the 
emitter of which defines node 22 at regUated vottage 
Vreq. Node 22 Is also connected to the emitter of an x> 
NPN transistor 46. the base terminal of which is con- 
nected to the base terminal of transistor 41, and the col- 
lector terminal of which is connected to supply fine 4, 

Node 22 is also connected to tie base terminal of 
an NPN transistor 49. the colector termtoaf of which is ss 
connected to supply fine 4. and tie emitter terminal of 
which is connected to Input 1 8 ot buffer amplfier 13 and 
to a current source 50 Interposed between transistor 49 
and ground. 

Node 22 is also connected to the drain termriaJ ol a *o 
P-channel MOS transistor 51. tie gate terrntoai of which 
is connected to a node 52 defined by me outout of a 
buffer ampUHer 53, the input of which is connected to 
input 9 of drive stage 8 and is suppfied witi signal Oi 
Node 52'ts also connected to Iheg^tenrtnalaftwo N- 45 
channel MOS transistors 54 and 55. More specilicaty. 
tie source terminal of MOS transistor 54 is grounded, 
and the drain terminal is connected to the dran terrnral 
of MOS transistor 51; and tie source terminal of MOS 
transistor 55 is also grounded, and trie draki terrrinal b so 
connected to node 36 (anode of diode 24). Ftnaly, node 
36 is connected to toe erritter erf ^ 
tor 58. the base terminal of which is corrected to node 
52, and the collector terminal of which is connected to 
supply Ine 4. 55 

In Figure 4. too. power MOS transistors 2. 3. 54. 55 
are shown together with respective protection dtodes 
(not numbered). 

In the Figure 4 circuit Zener diodes 43. 44 generate 



the regulated vottage which, added to vcftagedropVo: 
at the base-emater function of tomsistor 41. is suppled 
to tow^M-rrpedance iwrJe 22. Via transistor 49. tie 
«^edvortag*(corTespc^ 
suppSed to buffer arnpfifier 18; and the same regulated 
vottage (added to tie base-emittar voftage drop V re of 
transistor 58 and to the scurce^dram voftage drop of 
MOS transistor 51. which is nevertheless substantialy 
negBgfcle) is suppfied to node 38 via tie toverter formed 
by MOS transistors 51. 54, 55 when MOS tansfstor 51 
is turned on. to generate tie switched regulated vottage 

suppfed to diode 24. More specTicaly, when kput 
signal IN is low, tie outout of buffer empfifier53 iseiso 
tow. so that transistor 51 stays on and transistors 54, 55 
stayofl; tie base terminal of transistor 58 is biased sub- 
stanfaty at tie regulated voftage at node 22. and cup- 
OSes tie regiiated voftage (less voRage drop V^) to 
the anode of diode 24 to charge capaciar 25, 

When input signal IN swfches to Noh the output of 
bufler arnpaRer S3 QteoevAhestorwA tiusturi^of? 
MOS transistor 51 end turning on MOS transistors 54. 
55. which gr ound node 36, so that dtode 24 Is turned off 
as deserted wfth reference to Figure 2. 

In the Figure 4 circuit also, tie propagation delay of 
the swtching edges of input signal N tirough buffer 
arnpSher 53 and transistors 51, 58. 54. 55 is less than 
that of the same edges through cornponents 8, 12, 13, 
2, 3. to ensure correct operation of trie switched power 
suppty regulator. 

The advantages of the cucut ciescrtoed are as fal- 
lows. Firefly H provides tor preventing unconircJed vari- 
ations in me regiiated voftage. without using titer 
capacitors of rxxHrtegratabte value. Secondly, it 
Irwofves cnty a small number of simple, easfty-integrata- 
ble additional components, and therefore practical/ no 
Inaease In manufacturing cost as compared with 
Kn <> w n circuits. And. ttrtty, it is reliable and accurately 
controlled. 

Clearly, changes may be made to the circuit as 
descrbed and illustrated herein without, however, 
departing from the scope of the present invention, h 
particular, in add-on to supplying power stages of the 
type described, tie soluSon according to (he present 
hvention may also be apc^ to <^er c*cuts featuring 
a bootstrap capacitor so controlled as to be first 
charter* then suppry a 
tie charge vottage. 

Claims 

1. A bootstrap fine power supply regulator comprising 
a regUated-voftage source (23) defining a regu- 
lated-voltage node (22); a bootstrap to r^rtaving 
a supply node (17) and a reference node (6), said 
reference node (6) being at a reference voltage 
(OUT) switchaUebetweena first and second value, 
said first value being lower than said second value; 
and a unpotar switch (24) interposed between said 
regulated-voltage node (22) and said supply node 
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07); characterized in Bxat I conprfses turn-off 

"«ans (31) for generating a signal (V^ far turning 

^(24) before said reference 
« J ^(OtfT)alsaidr e i we r^ 

**** (Vas) Mpon said reference voftage 
(OUT) swftcNng tram said second to said first 
vatoe. 

2. A power supply regulator as daJmed In Cttm 1, ,« 
<**»actenzed in Hat said tunxrfl mearw cornpnse^ 
supply swrtehing means (31) interposed between 
said regUated-wKaoe node (22) and said unbotar 
switch (24), and far generating a switched regulated 
w*age(V«) varying between a ftst level equalto is 

1 A P^ st ^ re 0^^^ claimed hCtatn 2, for 
a bootstrap fine (25) corrpristng a drive stage (8) » 

signal J^, and an output (to. 11) connected to 

saidrefen3ricencae<6);c*^ 

tunvoff means comprise a buffer amprier(31)hav. 

ingarikpot(32)ocnnectedtosaidirw zs 

*we stage, an outout (36) connected to said unfao- 

«ar switch (24). and at least one bias terminal (33) 

connected to said re^utated-voltage node (22). 

. A power supply regulator as claimed in Claim 3 *> 
charactenzed in that said buffer ampGner (31)con> 
Prises an input buffer (53). and an »werter(51.S4, 
55) connected to *>e otnput (52) of said frput butter. 

fte foregotag Claims, characterized to fiat safa 
l^otsttjpSrwcornpris^^ 

rtenx>sadbetwe^6aid6t^ncxfe(17)andsaW 
reference node (6); in that said uropotar switch com- 
pnses a rftxfe (24) anode connected to eaW 40 

turner means (31). and its cathode connected to 
said supply node (17); and in that the regulator 
00a * rises a Power stage (1) toctodng a not and 
second power transistor (2. 3) corinected between 
a supply voltage ina (4) and a ground Ine (5) and <s 
defining an intermediate node (6) defirwig said raf- 
erencenoda 
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